Summary. The pancreatic B-cell contains microtubules, which are thought to participate in the process of insulin release. In order to disclose a possible abnormality of this B-cell microtubular system in animals with islet dysfunction, isolated islets from normal rats and mice, as well as from diabetic mutant mice (DBM mice) and from spiny mice (Acomys cahirinus) were incubated in the presence of vincristine, which causes the precipitation of the microtubular protein into paracrystalline deposits. Ultrastructural examination of the islets indicated that the volume-density of vincristine-induced deposits was markedly reduced in B-cells of spiny mice, when compared to that found in normal rats and mice and DBM mice. Exposure of the islets from spiny mice to a high glucose concentration, concomittantly to vincristine, caused a further reduction in vincristine-induced crystals content of the B-cell. It is speculated that an impairment of the B-cell microtubular system may account for the deficiency of insulin release found in spiny mice.
Microtubules are thought to be involved in maintenance of cell shape [1, 2] , in cell motion [3] , cell division [4, 5] and in controlled movements of intracellular organelles [6, 7, 8] . In the pancreatic B-cell, they are apparently participating in the process of insulin release [9, 10, 11] . It is, therefore, theoretically conceivable that a primary anomaly of the microtubular system contributes to abnomalities of insulin release. In order to test such an hypothesis, an attempt was made to compare the microtubular content of B-cells from normal rats and mice, and of two strains of rodents with abnormal islet function.
A quantitative assessment of the number of microtubules present in a given cell is hampered, inter alia, by the fact that the identification of these organelles, which are scattered throughout the cytoplasm, may be ambiguous, depending on their plane of section. In order to overcome this difficulty, isolated islets of Langerhans were exposed to vincristine, which is known to cause the precipitation of the microtubular protein into massive paracrystalline deposits easily identifiable by electron microscopy [12] . The volume-density of vincristine-induced crystals in B-cells cytoplasm was determined by morphometry [13] and was assumed to reflect the content of microtubular protein in Bcells [14, 15] .
Preliminary results were reported in an abstract form [16] . The present study was presented at the Third Brook Lodge Workshop on spontaneous Diabetes in Laboratory animals (Augusta, Michigan, May 2--4, 1974).
Material and Methods

Animals
Six groups of animals were used in this study: Five days before the experiment, these mice were bled from the orbital sinus for determination of their fasting plasma glucose concentration, according to which they were divided in "normoglycemic" (group 4) and "hyperglycemic" (group 5); Group 6. Five male and two female spiny mice (Acomys cahirinus) 31h to 4 months-old, derived from a stock colony maintained at the Institut de Biochimie Clinique. Two weeks before sacrifice, they were submitted to an intravenous glucose tolerance test [17] . As expected from previous studies [18--20] , their insulin secretory reponse to glucose displayed a both delayed and abnormally low pattern.
shown in Table 1 refer to fasting values 5 days before sacrifice. The pancreas of each animal was rapidly dissected, minced, and individually digested at 37 ~ C with a fixed amount of collagenase (10 rag; Worthington, Freehold, New Jersey, U.S.A.) in 1 ml of Hanks buffer (21) . The isolated islets were placed in 1.0 ml of bicarbonate-buffered medium (pH 7.4), containing glucose (1.0 mg/ml), albumin (5.0 mg/ml) and vincris- 
Experimental Procedure
The animals were fed ad libitum on laboratory chow until killed by decapitation, at which time blood was obtained for the determination of plasma glucose and immunoreactive insulin (IRI) concentrations (Table 1 ). In the case of DBM mice, however, the data fine (10 mcg/ml; Oncovin, Lilly, Indianapolis, Indiana, U.S.A.), and equilibrated with 02 95Uo-CO2 5Yo. Incubation was carried out for 3 hours at 37 ~ C. A few islets from the rats and from the Acomys were also incubated in the presence of vincristine at a higher glucose concentration (5.0 mg/ml). At the end of incubation, the islets were fixed with glutaraldehyde 2~o in phosphate buffer (0.1 M; pH 7.4), post-fixed with 2Yo phosphate-buffered OsO4 (22) , dehydrated with alcohol and embedded in Epon 812. Thin sections of islets, stained with uranyl-acetate followed by lead citrate, were examined in a Philips 300 electron microscope.
Quantitative Estimation of Vincristine-Induced Deposits
Five islets from each animal were examined and, for each islet, four micrographs of B-cells were taken at random. The volume-density of vincristine-induced deposits in B-cells cytoplasm was determined for each islet by point-counting [13] of the micrographs printed at a final magnification of 17,000.
Results
Vincristine-induced crystals were found in B-cellsl as well as in A-cells and other endocrine and nonendocrine cells (fibroblasts, endothelial cells) within the islets of all groups studied. In B-cells, crystals were frequently observed in the paranuclear region, but also scattered throughout the cytoplasm where they were often surrounded by secretory granules, mitochondria and electron-lucent vacuoles (Fig. 1) .
As illustrated in Figs. 2 and 3 , the volume density of vincristine-induced crystals in B-cells cytoplasm was much lower in the spiny mice (Acomys cahirinus) than in any other group. This reduction in volume density was highly significant. In contrast, no significant difference could be detected between the four groups of mice (Mus musculus), including the hyperglycemic DBM mice. There was a tendency for higher values in rats than in mice, but the latter difference failed to achieve statistical significance when the comparison was based on the mean values obtained in each animal (see Fig. 3 , "individual data"). Because glucose could conceivably affect the turnover or the reactivity to vincristine of the microtubular protein, an additional set of experiments was performed at high glucose concentration. in Table 2 , the use of such a high glucose concentration failed to affect significantly the volume density of vincristine-induced deposits in B-cells from rats, whereas it provoked a further reduction of this variable in the Acomys.
Discussion
We have assumed that the density of vincristineinduced crystals reflects the relative abundance of microtubular protein, and hence the number of microtubules in B-cells. This assumption is supported by a number of studies which suggest that the formation of vincristine-induced crystals is indeed an indicator of the presence of microtubules in various cell types [10, 14, 15, 23--25] . Moreover, in pancreatic tissue or isolated islets exposed to vincristine, the disappearance of microtubules and the appearance of crystals follow a synchronous pattern [26] . It could be argued that the reduced density of crystals in B-cells of spiny mice reflects an abnormal interaction between vincristine and the microtubular protein. In our view, such an hypothesis is unlikely, since an apparent reduction in the number of microtubules in B-cells of spiny mice was indeed observed (unpublished observations), and prompted us to complete the present study.
Recent studies on the influence of vincristine and colchicine upon glucose-induced insulin release by the isolated perfused rat pancreas [26--29] have led to the view that the B-cell microtubular apparatus is mainly responsible for the provision of secretory granules from a large storage compartment to a peripheral and readily releasable pool. Within the framework of such a concept, the impairment of the B-cell microtubular system in spiny mice, as revealed by the present study, would lead to a permanent depletion of the labile pool of beta granules. In turn, such an abnormality could account for the paradoxical situa- Isolated islets removed from either rats or Acomys were incubated for 180 minutes in the presence of vincristine (10 microg/ml) at either a low (100 mg/ml) or high (500 mg/100 ml) glucose concentration. The statistical significance of differences (P) was calculated (i) for the five measurements performed in each animal at each glucose concentration (upper part); (ii) for the 25 measurements performed in each group; and (iii) for the mean values obtained in each animal (n = 5) the latter difference being tested by both group and paired comparison.
tion found in spiny mice: i.e. an abnormally low immediate insulin secretory response to various secretagogues coexisting with apparently intact synthesis and storage of the hormone in the B-cell [18--20, 30, 31].
In contrast, in DBM mice, the diabetic syndrome does not appear to be due to a primary defect of the insulin releasing process [19, 20] . The observation of a normal microtubular protein content in the B-cells of DBM mice, which is compatible with such a view, further suggests that the abnormality found in spiny mice might represent an uncommon cause of islet dysfunction.
